In the background of a knowledge economy and globalization, engineering talents, who are the carriers of engineering knowledge, have become a key factor determining the industrial level of all the countries in the world. To explore the competence demand of engineering talents under the trend of globalization and construct an engineering competence framework for cultivating international engineers, this study uses the engineering education accreditation criteria of 15 countries/regions as the research object. Text analysis is performed on the engineering competence requirements of engineering graduates. The key engineering competences are obtained after the samples are manually segmented, and the network of engineering and core engineering competences are constructed. This study explores the core components of engineering talents in the context of the Washington Accord as well as the interactive relationship between these components to provide a reference and quantitative analysis basis for talent training in engineering colleges and universities of China.
of engineering education is an output-centered educational orientation and student-centered educational concept [9] . Therefore, students' engineering competence is the core element of the professional accreditation criteria for engineering education. Moreover, to adapt to the rapid development in industrial technology, exploring the competence requirements of engineering talents with Chinese characteristics is essential in the new era. Engineering students must have engineering competence as per the Engineering Education Certification System of China [10] . However, the graduate competence requirement in the standard of China is the same as the engineering competence requirement in the Washington Accord, which does not completely conform to China's national conditions. The certification of education engineering in China began relatively late. Moreover, the education certification systems of some industrial powers in the world, such as the United States, Germany, and Japan, are excellent. By studying the advanced accreditation criteria of engineering education abroad, the international demand for the competences of engineering talents can be quickly and effectively determined. This information can play a guiding role in the construction of a competence framework more advanced than the international accreditation criteria for engineering talents.
Literature Review
In 2016, China became an official member of the Washington Accord, and the accreditation of engineering education once again became a field of considerable concern. Under the new technology development scenario, what type of demands does the industry have for the competence of engineering talents? Academic research has been conducted from different perspectives on engineering competence.
The engineering competency framework consists of a series of reference points that refer to specific learning outcomes and support the criteria system of engineering education accreditation [11] . At present, the most authoritative international engineering education accreditation criteria including ASIIN, EUR -ACE and ABET, if the competence requirements of these three engineering education criteria are integrated into the four-dimensional competence model defined by May and Terkowsky [12] , we can find that the technical, professional engineering and methodological requirements are the most, and few requirements were related to the activity implementation competence. Therefore, engineering education should pay more attention to practice in the future development. The substantial equivalence between engineering education accreditation criteria is of great significance to the international circulation of engineering talents. Scholars Anwar and Richards [13] found that there is a clear correspondence between ABET and EC in the engineering competence requirements. Therefore, ABET can fully recognize projects approved by EC to reduce the workload.
In the research of Trevelyan [14] , engineering competence is closely related to the life cycle of products, processes or systems. Meanwhile, the competence of engineering talents is closely related to cooperation and communication. Passow [15] defined the 16 general capabilities of the most important engineering practices, among which the most critical one is the competence of coordinating multiple competencies to accomplish a goal. Higher education plays a vital role in sustainable development. Fernandez et al. [16] built a model with five key competences: critical thinking, adapting to change, making decisions, problem solving, and multi-disciplinary teamwork. From the perspective of industrial demand, Xiao et al. [17] divided the engineering practice competence into engineering design competence, engineering application competence, engineering operation competence, engineering business competence and engineering communication competence. Irina [18] came up with the top five engineering competences: accurately set the work objectives, analyze, integrate and build system models.
The multi-angle research of the aforementioned scholars on engineering competence provides references and ideas to future generations for further exploration. However, the current research on engineering competences is based on qualitative discussion. This study conducted comprehensive research through text quantitative analysis on the competence requirements of engineering talents according to the engineering education accreditation criteria of major developed countries.
Method

Sample Selection.
The sample objects are defined as the engineering education criteria established by the official signatories of the Washington Accord. All the criteria are established for undergraduate engineering professionals. The Washington Accord was initiated in 1989. The initiators and later-joining member states already had a mature competence framework for engineering education, which was based on their own national characteristics. Selecting the current engineering talent standard of these countries as the sample for analysis is feasible and scientific. In view of the short period of time for new signatories to conduct the certification of engineering education and the imperfect construction of the standard system of engineering talents, the signatories added after the China Association for Science and Technology are excluded. The samples are obtained from the documents published on the official website of the organization that joined the Washington Accord on behalf of their country. Fifteen valid documents are collected from organizations that made the relevant information public. The basic information of the samples is presented in Table 1 . 
Text Preprocessing
In text preprocessing, the engineering competence requirements are first selected from the 15 documents presented in Table 1 . The engineering framework of countries and regions comprises two parts, namely the general scope of the competence described in phrases and the specific content of the competence described in long sentences, which are defined in this study as level-1 and level-2 competence, respectively. To facilitate quantitative text analysis and obtain specific engineering competence, the level-2 competence is manually divided into phrases, which are defined as the level-3 competence. To ensure the objectivity of segmentation, specific rules are set as follows: (1) A level-3 competence cannot occur more than once under the same level-2 competence. This rule is set because when a level-2 competence has too much content, a level-3 competence may be repeatedly proposed. To ensure the rationality of the results, the repetition competence is only retained once. (2) The unity of synonyms. Different countries have different wording habits. Therefore, different words may be used to express the same or similar meaning. To enhance the reliability of the research, synonyms are expressed uniformly. (3) Elimination of unnecessary adjectives and adverbs. The constraint of adjectives and adverbs on words will lead to excessive dispersion of text analysis results.
(4) Unity of dimensions. The description of competence in some samples is too specific and detailed to be compared with the description in other countries. Therefore, the expression of high-dimensional competence is reduced to the lowest dimension of the same type of competence. (5) Consistency of the expression. For example, "solution of problems" should be unified as "solve problems." (6) Unified spelling. The word "analyze" can be spelled as "analyse." Both words are unified as "analyze" in preprocessing. Table 2 . A total of 990 level-3 competences were obtained after preprocessing. 
The Word Cloud of Engineering Competence
Word frequency analysis is conducted with the Word List function in AntConc, and 462 level-3 competences are identified. To present the analysis results succinctly, the level-3 competence frequency of AntConc is read in RStudio. The word cloud of engineering competence is drawn as illustrated in Fig.1 . In the word cloud, the frequency of engineering competence is represented by the word number. The most prominent engineering competences in Fig.1 are analyze, design, management, apply knowledge, and teamwork. "Analyze" includes the analysis of engineering systems, processes, activities, products, and problems. "Design" includes designing systems, components, processes, experiments, and solutions. "Management" includes system management, project management, quality management, risk management, and information management. "Apply knowledge" includes applied mathematics, science, engineering, information, and technology. "Teamwork" is the ability to function as a team member or leader in a multidisciplinary group. Although each country or region has different requirements on the details of engineering competence, the word cloud indicates that the international requirements on engineering competence have an obvious common trend. Therefore, the key engineering competences can be feasibly extracted from the engineering education accreditation criteria of many countries or regions. 
Acquisition and Reliability of the Key Engineering Competences
The importance of an engineering competence is directly reflected by its frequency. In this study, the frequency of high and low word strings was divided by Zipf's Second Law to obtain the key engineering competences. In Zipf's Second Law, which is the distribution law of low-frequency words, a method is proposed to determine the demarcation point between high-and low-frequency words [19, 20] . The demarcation point is obtained as follows:
(1)
where 1 indicates the number of words that appear once in the text. According to the AntConc analysis results, 1 =362 and =26.412, which is rounded to 26. Therefore, according to Zipf's second law, the top 26 most frequent engineering competences in this study are high-frequency competences, which are defined as the key engineering competences. understand the limitations 7 awareness of ethical Among the key engineering competences presented in Table 3 , "design" has the highest frequency (28 times) and is mentioned in the engineering education accreditation criteria of 15 countries/regions. It appears in the same criterion many times, which indicates its importance. The frequency of "ethical awareness" and "conduct experiments" is the lowest (7 times), nearly half of the engineering education accreditation criteria in the sample set include these two engineering competences. Thus, the setting of the 26 major engineering competences is reasonable. To facilitate subsequent analysis, the 26 major engineering competences are divided into two categories: professional knowledge and skill requirements, and comprehensive quality requirements. The design, analyze, solve engineering problems, apply knowledge, apply methods, apply tools, mathematics knowledge, engineering knowledge, interpret data, apply information, and conduct experiments competences belong to the professional knowledge and skill requirements category. The comprehensive quality requirements include 15 competences, such as management, environmental awareness, societal awareness, communicate effectively, awareness of health, awareness of safety, teamwork, advance with the times, economic awareness, life-long learning, and responsibility.
Although the authors attempt to ensure objectivity in the process of artificial segmentation, there may exist some subjectivity. Therefore, to verify the accuracy of the frequency results of level-3 competences obtained with AntConc, the original text of level-2 competences without manual segmentation are imported into AntConc for text analysis. AntConc's default word segmentation method involves using spaces for word segmentation. Thus, the frequency obtained by this operation is only the frequency of words and not the frequency of phrases. In total, 3197 words and 828 types of words are obtained after importing the stop list and removing the words with no practical meaning, such as modal particles, adverbs, partial adjectives, prepositions, and connections. The top 26 words according to frequency are presented in Fig.2 . This comparison indicates that words with level-2 and level-3 competence shave a consistent frequency distribution, which suggests that accurate and reliable results are obtained for the frequencies of the level-3 competences. 
Research on the Relationship between Engineering Competences
Construction of the Co-Occurrence Network of Engineering Competence
To reduce interference and obtain an enhanced visualization effect, the engineering competences with frequencies higher than 1 are selected to construct the competence network. One node represents an engineering competence, the edge represents the interaction between two competences, and the edge weight represents the number of times that any two competences co-occur in the competence requirements text in 15 countries/regions [21] . A csv file containing the relations between the nodes and edges is imported into the Gephi software. After the software automatically sieves the edge with a weight of 0, a competence network containing 100 nodes and 3082 undirected edges is obtained. The ForceAtlas2 layout mode is selected, and a preview is obtained after layout optimization.
Fig. 3 Engineering competence network
The density of the engineering competence network is 0.623, which indicates that 100 engineering competences have a relatively close relationship. For undirected weighted graphs, the average weighted degree is the best statistical parameter, followed by the average degree [22] . Therefore, only the average degree and average weighted degree of the network are statistically analyzed in this study. The equation for calculating the average degree (AD) of an undirected graph is given as follows:
(2) where is the number of edges and is the number of nodes. The equation for calculating the average weighted degree (WD) of an undirected graph is as follows:
(3) where is the degree and is the number of nodes. The AD of the engineering competence network graph is 61.64. Thus, the average number of edges connected by each node in the network is 61.64, which indicates that the engineering competence network has good overall connectivity. The average WD is 142.42. Thus, the weight of the entire network edge is 142.42, which indicates that the co-occurrence frequency of engineering competences is relatively high.
Construction of the Core Engineering Competence Framework
The WD and AD of the engineering competence network obtained through preliminary optimization indicates that the network has a high degree of cohesion. Moreover, the relationship between the core competences cannot be observed through the network graph alone. According to the experiment, the best framework diagram is obtained when edges with weights of less than 13 are filtered (Fig.4) . The framework diagram of core engineering competence is a three-dimensional competence framework with "communicate effectively" as the core. The four competences of communicate effectively, analyze, design, and solve engineering problems constitute a tetrahedron. The four competences interact, promote, and complement each other and are closely related with all the engineering competences. Moreover, "communicate effectively" is interrelated with the societal awareness, teamwork, and apply knowledge competences. The "communicate effectively" competence has a frequency of 19. It ranks eighth among the key engineering competences, but is at the center of the entire engineering competence network. From the perspective of frequency alone, "communicate effectively" is less important than the top seven competences. However, this competence is closely related to various other engineering competences and can be called the "transportation junction" of engineering competences. By contrast, although the frequencies of "management" and "environmental awareness" are high, they do not appear in the core of engineering competence network, which indicates that there exists no positive correlation between the importance and centrality of a type of engineering competency. 
Conclusions and Recommendations
The significance of this research is that the core engineering competence network is obtained through text analysis and social network analysis of the engineering competence requirements in mature engineering professional accreditation criteria. The core engineering competence network provides a comprehensive and objective reference for developing countries to formulate graduation requirements for engineering majors. It also provides a direction for colleges and universities to formulate training programs for engineering students.
The world demands a high comprehensive quality of engineering talents. The frequency distribution of the top 26 level-3 competences in the AntConc analysis results indicates that there exist only 11 competences related to professional knowledge and skill, which account for 42\% of the total competences. Comprehensive quality requirements account for 58\% of the total engineering competences. In the core engineering competence network, there exist three professional knowledge and skill requirements and four comprehensive quality requirements. The training direction of higher engineering talents has developed from the initial "professional engineer" and "knowledge engineer" to the "comprehensive engineer" under an interdisciplinary background, which is caused by the interdisciplinary infiltration resulting from social progress and technological development. The ideas of multi-disciplinary and hyper-disciplinary training are increasing in popularity, and this demand trend will guide the development direction of Chinese engineering education.
In the training of engineering talents, the management should grasp the main engineering competences of engineering talents and pay attention to the relationship between engineering competences. Engineering competence is a student-centered output orientation index. Its framework is the foundation of the entire engineering education accreditation criteria system, which plays a guiding role in engineering talent training. The top 26 engineering competences with the highest frequency among the level-3 competences are the foundation and mainstream requirements for cultivating the world's engineering talent. These competences are frequently listed in the engineering education accreditation criteria documents of various countries/regions, which indicate their importance. To ensure the smooth international circulation of Chinese engineering talents and to eliminate professional barriers, considerable attention should be paid to these major engineering competences.
The quality assurance system of engineering talent cultivation should be built around the correlation among the seven engineering competences in the core engineering competence framework to ensure the realization of core competence. Frame-based collaborative cultivation of engineering competence can enhance the interaction among various competences and cause the overall competence of engineering talents to develop in a positive direction.
The characteristics of the engineering talent training system must be enhanced. In the word frequency analysis results of level-3 competence, there exist 362 level-3 engineering competences with a frequency of 1. These competences account for more than 78.3\% of the total number of engineering competences (462). This information indicates that the 15 countries/regions in the sample have considerable differences in the requirements for the competences of engineering talents. This study presents 26 key competences for the undergraduate training of engineering students. However, in different countries or regions, the competence requirements for engineering talent may have various local features. In countries/regions that are formal members of the Washington Accord, the requirements for engineering professionals are often higher than those in the Washington Accord. For the cultivation and construction of China's engineering talent, lessons can be drawn from foreign advanced engineering personnel certification standards. However, these standards cannot be completely copied. The Washington Accord should be regarded as the threshold for international engineering education accreditation. China's engineering personnel certification standard should be rooted in national conditions, respond to the needs of the domestic market, and build an engineering talent competence framework with Chinese characteristics. The developed framework should have higher requirements than the international standard.
